ABSTRACT This study evaluated the vitamin D status of a cohort of healthy young Saudi Arabians in the Eastern region of Saudi Arabia. A sample of 139 blood donors (87 males and 52 females) answered a questionnaire about their clinical history, including intake of vitamin D supplements and calcium-rich foods and exposure to sunshine. Blood samples were taken for routine biochemistry, serum 25-hydroxyvitamin D [25(OH)3] and plasma parathyroid hormone (PTH) levels. Serum 25(OH)D levels did not differ significantly between males and females, although the levels were low [10.1 (SD 4.6) ng/mL and 9.9 (SD 4.5) ng/mL respectively]. When subjects with elevated PTH levels were excluded, serum 25(OH)3 levels were still in the deficiency range. There was a high prevalence of a vitamin D deficiency in this sample of Saudi Arabians despite > 65% of participants having adequate exposure to sunlight and > 90% reporting adequate intake of dairy products. 
Introduction
Vitamin D is an important nutrient for healthy bones and a deficiency of the vitamin may result in metabolic bone diseases leading to rickets in children or osteomalacia in adults [1, 2] . The vitamin D level is regulated through the interaction of various factors, including intestinal absorption, renal function, serum calcium level and parathyroid hormone (PTH) [3] . The 2 main sources for vitamin D are dietary intake and synthesis in the skin on exposure to ultraviolet-B (UVB) light from sunlight [4] . Skin pigmentation may play an important role in determining vitamin D levels as darker skin colour may limit the amount of UVB light that penetrates, thereby reducing the cutaneous synthesis of vitamin D [5] .
Serum 25-hydroxyvitamin D [25(OH)D] level is considered to be the best indicator of vitamin D status, with reference ranges from 15 or 16 ng/mL to more than 40 or 48 ng/mL [6] . A 25(OH)D level below 8 ng/ mL (the threshold for development of rickets/osteomalacia) has usually been termed vitamin D insufficiency [7] . Another important measure is the serum PTH level which increases in response to insufficient calcium in order to stimulate bone resorption and increase the serum calcium necessary for the different biological processes in the body, e.g. muscle contraction and nerve conduction [8] . Many studies have reported an inverse association between serum PTH concentrations and serum 25(OH)D concentrations [9] [10] [11] .
In areas such as Saudi Arabia where there is plentiful sunlight and many food products are fortified with vitamin D, it would be expected that the vitamin D level would be adequate in the majority of the population. Despite some cultural factors that may negatively affect serum vitamin D levels of Saudi women (e.g. high gravidity and clothing that limits skin exposure to the sun), these factors do not apply to males and hence vitamin D ranges may be expected to be different between males and females. In our practice in the Eastern region of Saudi Arabia we noted that a substantial proportion of patients as well as healthy subjects coming for routine screening have subnormal levels of vitamin D. The aim of this study was to measure the vitamin D level in a cohort of blood donors in order to evaluate the vitamin D status of healthy adult Saudi Arabians.
Methods

Sample
Subjects included in this study were coming for routine checkups before blood donation at King Fahd hospital, Dammam, Saudi Arabia. All of them were Saudi nationals living in the Eastern region of Saudi Arabia and were apparently healthy with no associated medical problems. The study was approved by King Fahd University hospital ethical committee. All subjects gave their consent to participate in the study.
The sample was 139 subjects (87 males and 52 females). A total of 176 subjects were initially included in the study, 139 met the inclusion criteria and 61 were excluded from the study due to various reasons (7 had recent viral infection, 15 were taking vitamin D and calcium supplements, 10 had unexplained elevation of liver function, 3 had elevated serum creatinine and 2 were on lithium therapy). The study was carried out during winter between December 2008 and March 2009. Average winter temperatures in the Eastern region are 18-25 °C during daytime.
A full clinical examination and clinical history were taken from all subjects participating in the study. Exclusion criteria included: any acute or chronic illness, liver or renal, endocrine or autoimmune disease, taking any regular medication which can affect vitamin D level (e.g. vitamin D or calcium supplementation, phenytoin), elevated PTH level or impaired renal function.
Data collection
In addition to the clinical examination, participants were given a questionnaire addressing their frequency of sun exposure, daily intake of dairy products, history of vitamin D or calcium supplementation, history of bone aches or pains and intake of any medications that could affect vitamin D metabolism. Adequate intake of dairy products was defined as 200 mL of fortified milk, 50 g of cheddar cheese and 1 pot of yoghurt. Adequate exposure to sunlight was defined as regular exposure at least twice a week between 09.00-12.00 hours for 40 minutes with at least forearms and legs exposed to direct sunlight. Weight, height and blood pressure were recorded.
A 10 mL blood sample was taken from each participant. An aliquot of blood was taken on EDTA for haemoglobin measurement. Blood was centrifuged and serum was separated and analysed promptly. Laboratory studies included measurement of random glucose, urea, creatinine, uric acid, calcium, phosphorous, alkaline phosphatase, total protein and albumin and alanine transaminase (ALT). These parameters were measured using a clinical chemistry analyser (Dimension RxL, Siemens Diagnostics). Serum intact PTH level was measured using an immunoassay analyser (Architect 2000i, Abbott), while serum 25(OH)D was measured using a chemiluminescence immunoassay analyser (Liaison, Diasorin) The intra-assay coefficient of variation was 11.6%. Both high and low quality control materials were included with each run and verified to be within the expected quality control ranges before accepting the results.
The reference ranges used in our laboratory for 25 OH vitamin D were as follows: 0-5 ng/mL (deficiency), 5-39 ng/mL (insufficiency) and 40-100 ng/mL (sufficiency). The reference range for other variables were: PTH 15-68.3 pg/mL, haemoglobin 12-17 g/dL, urea 2.7-7.2 mmol/L, creatinine 71-115 µmol/L, uric acid 155-357 µmol/L, calcium 2.22-2.64 mmol/L, phosphorous 0.7-1.5 mmol/L, alkaline phosphatase 54-144 U/L, ALT 17-49 U/L, total protein 64-82 g/L and albumin 34-50 g/L.
Statistical analysis
Normally distributed variables were expressed as mean and standard deviation (SD), while variables with nonGaussian distribution were expressed as median, range and 25 to 75 percentiles. The statistical software package SPSS, version 11.0, was used for statistical testing of the data.
Results
The clinical and biochemical data of the participants are shown in Table 1 . There was no significant age difference between males and females: mean age 30.0 (SD 8.5) years versus 31.0 (SD 7.2) years respectively. A substantial percentage of male and female participants (90% and 93% respectively) reported a sufficient regular intake of dairy products to satisfy their daily need for calcium. The percentage of females and males reporting regular exposure to sunlight were 68% and 65% respectively.
The serum creatinine level of males was significantly higher than in females, which is expected due to the higher body mass index of males. However, this elevated level of serum creatinine [85.6 (SD 12.5) µmol/L] was still within the laboratory reference ranges for males in this age group (71-115 µmol/L). There was no significant difference between males and females regarding fasting serum glucose, serum uric acid, total protein, albumin, phosphorous, calcium or alkaline phosphate levels. However, the mean values of serum calcium in both groups were towards the lower level of normal (< 2.2 mmol/L). ALT was significantly higher in males than females, which may be due to a mild degree of fatty liver disease in some overweight males in the sample. Serum PTH levels were significantly higher in males than females (P < 0.01): 67.0 (SD 35.3) versus 47.5 (SD 19.6) pg/mL respectively. For males the range for PTH was from 19.8-204 pg/mL and for females from 12.5-93.8 pg/mL. Serum 25(OH)D levels were low; mean levels in males and females were 10.1 (SD 4.6) ng/mL and 9.9 (SD 4.5) ng/mL respectively (Figure 1 ). These 25(OH)3 levels did not differ significantly between males and females.
PTH levels did not correlate with serum 25(OH)D levels in either male or female groups (r = 0.35, P = 0.75 and r = 0.11, P = 0.44 respectively). However, the serum 25(OH)D levels correlated with the serum calcium levels in both groups (r = 0.34, P = 0.040 and r = 0.302, P = 0.03 respectively).
As elevated serum PTH level reflects a state of either clinical or subclinical vitamin D deficiency to maintain normal serum calcium, subjects with increased PTH level above the upper part of the reference ranges for PTH assay (i.e. > 68.0 pg/mL) were excluded (30 males and 10 females) and the 25(OH) D data were reanalysed. The adjusted figures showed a serum 25(OH)D level of 10.1 (SD 4.5) ng/mL in males and 10.2 (SD 4.8) ng/mL in females, which was still within the deficiency range for serum 25(OH)D (Figure 2 ). There were no significant differences between males and females in these adjusted serum 25(OH)D levels (P > 0.05).
Serum alkaline phosphatase levels were not increased in either males or females participating in the study despite the low serum 25(OH)D level reported.
Discussion
The current study evaluated serum 25(OH)D and its relationship to PTH Another possible explanation of these low 25(OH)D levels in our cohort of patients is that women in Saudi Arabia wear the traditional Islamic veil, which prevents the penetration of the UVB light needed for the synthesis of vitamin D. Certainly Hobbs et al. reported severe vitamin D deficiency in Arab-American women who wear the veil [27] . However, this does not explain why Saudi Arabian men had similarly low levels of vitamin D. Even if we hypothesize that Saudi Arabians have a mildly dark skin which could limit the penetration of UVB light, over 90% of participants reported an adequate intake of calcium and vitamin D rich food products which should compensate for a lack of cutaneous synthesis of vitamin D. This suggests that there are racial differences in the absorption of calcium and vitamin D from the gut.
An important finding is that we could not find a correlation between serum 25(OH)D and PTH levels, and the mean serum 25(OH)D level was still in the lower end of the reference range even after exclusion of patients with high PTH levels. In other words, although vitamin D levels were markedly reduced, the PTH level was not increased in the majority of participants. This finding agrees with Haarburger et al., who found that the subnormal 25(OH)D level in their South African cohort was also not related to hypocalcaemia or a significant rise in PTH. They suggested that 25(OH) D measurements should be requested when vitamin D deficiency is clinically suspected, irrespective of calcium and PTH biochemical results [28] .
This study has presented a preliminary evaluation of vitamin D status in young, apparently healthy Saudi Arabians. Our data showed that the prevalence of 25(OH)D deficiency was high among Saudi Arabians and suggest the need to increase the fortification of food products with vitamin D and screening for vitamin D deficiency among not only the elderly but also young Saudi adults to prevent future morbidity. Future studies should include evaluation of bone mineral density and comparison with the reference range for adults of similar age and sex. Another important point is to stratify the reference ranges according to factors such as season and ethnic background. Other studies are needed to measure the degree of skin pigmentation quantitatively and its correlation to vitamin D level and to monitor biochemical parameters after vitamin D supplementation. These may help to establish if there are racial differences in vitamin D handling.
